The toxicity and antileishmanial effectiveness of a novel liposome formulation of meglumine antimoniate in mongrel dogs with visceral leishmaniasis (VL) obtained from a region where VL is endemic in Brazil have been investigated. Groups of 12 animals received by the intravenous route four doses (with 4-day intervals) of either liposomal meglumine antimoniate (group I [GI], 6.5 mg Sb/kg of body weight/dose), empty liposomes (GII), or isotonic saline (GIII). Evaluation of markers of hematopoietic, hepatic, and renal functions before and just after treatment showed no significant change. On the other hand, transitory adverse reactions, including prostration, defecation, tachypnea, and sialorrhea, were observed during the first 15 min after injections in GI and GII. Parasitological evaluation of sternal bone marrow 4 days after the last dose showed a significant reduction of parasite burden in GI, compared to the other groups. Immunocytochemical evaluations of the skin, bone marrow, cervical lymph nodes, livers, and spleens of dogs for parasites, 150 days after treatment, indicated significant parasite suppression (higher than 95.7%) in the lymph nodes, livers, and spleens of GI, compared to control groups. Feeding of Lutzomyia longipalpis phlebotomines on dogs from GI, 150 days after treatment, resulted in a significant reduction of sand fly infection efficiency, compared to feeding on animals from GII and GIII. This is the first report of both long-term parasite suppression and reduction of infectivity to sand flies in naturally infected dogs following treatment with a liposome-encapsulated drug. Importantly, this was achieved using a 20-fold-lower cumulative dose of Sb than is used for conventional antimonial treatment.
The leishmaniases are a group of diseases produced by invasion of the reticuloendothelial system of a mammalian host by a parasite of the genus Leishmania. This parasite is found as a motile promastigote in the sand fly and transforms into an amastigote when engulfed by host macrophages (1) . Visceral leishmaniasis (VL) is the most severe form of the disease, causing death of humans if not treated. The pentavalent organoantimonial complexes meglumine antimoniate and sodium stibogluconate are the first-line drugs for the treatment of all forms of leishmaniasis (9) . The achievement of a complete cure in dogs with VL, or at least the blockade of infectivity to sand flies, is currently a great challenge, since dogs are the main reservoir for the transmission of VL to humans and respond poorly to conventional treatment with pentavalent antimonials (2) .
In the 1970s, a major advance occurred when it was found that liposome-encapsulated antimonial drugs were hundreds of times more effective than unencapsulated ones for the treatment of experimental VL (5) . This spectacular effect of liposome encapsulation was attributed to the ability of liposomes to provide sustained drug release and to their natural tendency to be cleared from the circulation by the fixed macrophages of the mononuclear phagocyte system, mainly the liver, spleen, and bone marrow, which are major sites of parasite infection. Similar results were obtained with other antileishmanial agents (4, 29) and other vesicular systems made from nonionic surfactants (7) instead of phospholipids.
Much effort has also been devoted to the evaluation of liposomal formulations in dogs (12, 13, 30, 33, 36-38, 44, 45) ; however, very few studies used the clinically relevant naturally infected dogs and none performed important parasitological evaluations, such as determinations of skin parasite load and dog infectivity to sand flies.
Despite the need to improve antimonial chemotherapy and the extremely promising results obtained with liposomes in experimental models of VL, no pharmaceutical composition associating liposomes and antimonials has reached commercialization so far. This fact can be attributed, at least in part, to the technological difficulties usually encountered in the preparation of a stable liposomal composition for water-soluble substances. This is in contrast with the lipophilic fungicidal and leishmanicidal drug amphotericin B, whose liposomal formulation, called AmBisome, has recently been approved by the Food and Drug Administration for treatment of VL (27) . On the other hand, the high cost of the latter formulation limits its large-scale use in developing countries. Furthermore, although AmBisome did promote clinical and parasitological improvements in dogs naturally infected with Leishmania infantum, cure was not achieved (33) .
Novel liposomal formulations of meglumine antimoniate that are obtained through rehydration of freeze-dried empty liposomes with an aqueous solution of the antimonial compound have recently been described (18) (19) (20) 38) . A significant technological advantage of this method over conventional ones (3, 35) is that liposomes may be stored as preformed freezedried empty vesicles and that rehydration may be performed just before use. Two liposomal formulations differing in their mean vesicle diameters were obtained (38) . The large-liposome formulation (mean hydrodynamic vesicle diameter of 1,200 nm) was previously evaluated in dogs with VL (14, 37) . Following a multiple-dose regimen, this formulation resulted in a significantly lower number of positive dogs (compared to the group of dogs treated with empty liposomes or that of untreated dogs) but was unable to clear Leishmania parasites from the bone marrow, suggesting that this tissue may be critical for treatment with this liposomal formulation.
In a recent study, the pharmacokinetics of the small-liposome formulation of meglumine antimoniate (mean hydrodynamic vesicle diameter of 410 nm) was evaluated in mongrel dogs naturally infected by Leishmania (Leishmania) chagasi. Importantly, this formulation was found to target antimony to the bone marrow of dogs at a threefold-higher level than the formulation of meglumine antimoniate in large liposomes (38) , suggesting that it may more effectively clear parasites from this tissue.
The aim of the present study was to evaluate the smallliposome formulation of meglumine antimoniate in dogs naturally infected by Leishmania (Leishmania) chagasi for its side effects and its antileishmanial efficacy. In addition to the clinical evaluation of dogs, complete parasitological evaluations were performed through determination of the parasitic load in the liver, spleen, bone marrow, lymph nodes, and skin as well as of the infectivity of dogs to sand flies.
MATERIALS AND METHODS
Animals. Fifty mongrel dogs (weighing 8 to 15 kg) of unknown age naturally infected with L. (Leishmania) chagasi, exhibiting different clinical forms of canine leishmaniasis (26) , were identified and captured during an epidemiological survey carried out by the Control Zoonosis Center in Santa Luzia City Hall (Minas Gerais State, southeast Brazil). The animals manifested the classical clinical signs of canine leishmaniasis. Lymphoadenopathy was the most frequent, followed by skin disorders, which included, in decreasing order of frequency, hypotricosis/alopecia, dull fur, exfoliative dermatitis, and skin ulcers.
The serological diagnosis was established by the Serology Laboratory of the Institute of Biological Sciences, Federal University of Minas Gerais (UFMG) by indirect immunofluorescence assay and enzyme-linked immunosorbent assay. All animals were found to be positive by indirect immunofluorescence assay (Ն1:40 dilutions) and enzyme-linked immunosorbent assay (optical density Ͼ 0.100; Ն1:400 dilutions). In addition, parasitological diagnosis was performed by observation of parasite forms in both cytological examinations and cultures of bone marrow aspirates in Novy-Nicolle-McNeal medium enriched with minimum essential medium. Prior to treatment, the animals were maintained in quarantine in kennels and were treated for intestinal helminthic infections (Canex Composto; Vetbrands Health Animal) and ectoparasite infestations (Front Line; Merial) and immunized against viral infections (Defensor and Vanguard HTLP 5/CV-L vaccine; Pfizer, Brazil). During the whole experimental period, the dogs were housed in a screened kennel to avoid reinfection and received drinking water and a balanced feed ad libitum (Pedigree Champ; Effem). Preparation of meglumine antimoniate. Meglumine antimoniate was synthesized as previously described (16, 17) from an equimolar mixture of N-methyl-D-glucamine and pentavalent antimony oxyhydrated in water. The resulting product contained approximately 29% antimony by weight, as determined by inductively coupled plasma optical emission spectroscopy using a Perkin-Elmer Optima 3000 plasma emission spectrometer.
Preparation and characterization of meglumine antimoniate-containing liposomes. Meglumine antimoniate-containing liposomes with reduced size were prepared as described previously (38) . Briefly, small unilamellar vesicles (SUVs) were obtained by ultrasonication of a suspension of multilamellar vesicles in deionized water, made from distearoylphosphatidylcholine, cholesterol, and dicetylphosphate (molar ratio of 5:4:1) at the final lipid concentration of 55 g/liter. After filtration through a sterile 0.22-m membrane, the SUV suspension was mixed with sucrose at a sugar/lipid mass ratio of 3:1 and a final sugar concentration of 0.3 M. The resulting mixture was immediately frozen in liquid nitrogen and subsequently dried (freeze dryer; 4.5 liters; Labconco, United Kingdom). Rehydration of the dried powder was performed with a meglumine antimoniate aqueous solution (antimony concentration of 0.65 M) and phosphate-buffered saline (PBS; 0.15 M NaCl, 0.01 M phosphate, pH 7.2) as follows. Forty percent of the original SUV volume of meglumine antimoniate solution was added to the lyophilized powder, and the mixture was vortexed and incubated for 30 min at 55°C. The same volume of PBS was then added, and the mixture was vortexed and incubated for 30 min at 55°C. Drug-containing liposomes were separated from nonencapsulated drug by centrifugation (14,000 ϫ g, 30 min). The liposome pellet was then washed twice and finally resuspended in isotonic saline at a final antimony concentration of about 10 g/liter. The concentration of encapsulated antimony and the phospholipid concentration in the resulting liposome suspension were determined using previously described colorimetric assays (34, 38) . The drug encapsulation efficiency and the final Sb/lipid ratio were equal to 40% Ϯ 4% and 0.25:1 (wt/wt), respectively. The final vesicular suspension was sized by photon correlation spectroscopy at 25°C with a 90°s cattering angle and using a channel correlator (ZEN3500; Malvern Instruments, United Kingdom) in conjunction with a laser of wavelength 532 nm. The mean hydrodynamic diameter of the vesicles was 400 nm, with a mean polydispersity factor of 0.3. Empty liposomes with a comparable mean hydrodynamic diameter were obtained using the same method as that described above, except that the meglumine antimoniate solution was replaced by a 0.65 M N-methyl-Dglucamine aqueous solution at pH 7.2.
Treatment protocol. Thirty-six dogs were stratified by weight, sex, and clinical forms and randomly distributed into three groups, each group containing initially four asymptomatic, four oligosymptomatic, and four symptomatic dogs (26) . Group I was treated with four doses of liposomal meglumine antimoniate at 6.5 mg Sb/kg of body weight/dose given with 4-day intervals. Group II received four doses of antimony-free liposomes given at the same lipid dose as that for group I. Group III received four doses of isotonic saline given at the same volume as that for group I. The animals were clinically monitored during the 5 months of the experiment and were euthanized 150 days after treatment with a lethal dose of intravenous (i.v.) thiopental. The mean value of the clinical state in each animal group was calculated by assuming values of 1, 2, 3, and 4 for asymptomatic, oligosymptomatic, and symptomatic dogs and dogs subjected to euthanasia due to disease evolution, respectively.
Toxicity studies. The animals from groups I, II, and III were evaluated for clinical and behavioral changes as well as for changes in some hematological and biochemical markers of hematopoietic, hepatic, and renal functions before and 4 days after treatment. Temperature and food and water intake were registered, and heart and respiratory frequencies were measured. Blood samples were taken from the cephalic vein contralateral to that used for infusion for analysis of hemogram (red blood cells, packed cell volume, hemoglobin, white blood cells, neutrophils, lymphocytes, monocytes, eosinophils, and platelets), renal profile (urea and creatinine), and hepatic profile (aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, and total bilirubins).
In another independent experiment, toxicity was evaluated in mongrel dogs Immunocytochemical evaluation for Leishmania tissue burden was carried out after euthanasia of animals as described previously (25) . Briefly, samples of ear skin, bone marrow, cervical lymph node, spleen, and liver were collected and fixed in 10% neutral buffered formalin solution. All tissue samples were dehydrated, cleared, embedded in paraffin, and cut into 4-to 5-m-thick sections for immunocytochemical studies. Deparaffinated slides were hydrated and incubated with hydrogen peroxide (4% [vol/vol]) in 0.01 M PBS, pH 7.2, followed by incubation with normal goat serum (diluted 1:50). Heterologous immune serum from dogs naturally infected with L. chagasi (diluted 1:100 in 0.01 M PBS) was used as the primary antibody. The slides were incubated for 18 to 22 h at 4°C in a humid chamber, washed in PBS, incubated with biotinylated goat anti-mouse and anti-rabbit antibodies (LSAB2 kit; Link-DAKO, CA), washed once more with PBS, and incubated with streptavidin-peroxidase complex (LSAB2 kit; Link-DAKO, CA) for 20 min at room temperature. The reaction was developed with 0.024% diaminobenzidine (Sigma, St. Louis, MO) and hydrogen peroxide (0.16% [vol/vol] ). The slides were counterstained with Harris's hematoxylin, dehydrated, cleared, and mounted with coverslips. The Leishmania tissue burden was determined by counting the immunolabeled amastigotes in 20 microscopic fields randomly chosen.
Giemsa-stained sternal bone marrow aspirates were also obtained from animals in each group 4 days after treatment and used for the determination of the number of amastigotes/1,000 cell nuclei. Giemsa-stained impression smears of spleen were obtained from all animals after euthanasia, and the LeishmanDonovan unit value was calculated as the number of amastigotes per 1,000 host cell nuclei ϫ organ weight in grams.
Xenodiagnosis. The Lutzomyia longipalpis phlebotomines used in the present study belonged to generation F 1 and were kindly provided by Edelberto Santos Dias, Institute Research Renée Rachou, Fundation Oswaldo Cruz, Belo Horizonte, Minas Gerais, Brazil. The xenodiagnosis was realized as previous described (15) . In brief, sand flies were fed on dogs by putting the insects in a specially designed receptacle (FleboContainer). Approximately 40 females and about 20 males were used in each experimental replicate. During 40 min in a darkened room, the FleboContainer netting was placed in direct contact with the medial skin of the dog's right ear (43) , previously sedated with 0.8 or 1.2 ml/kg of acepromazine (Univet). After feeding, the insects were returned to the insectary for 5 days and provided with a solution of fructose in distilled water (50:50, vol/vol) and kept at 28°C. Five days after feeding, live male and female sand flies were counted and the engorged females were dissected in a drop of PBS. The guts were examined under interference microscopy (24) , and the proportions of infected females and appearance of flagellates within the digestive tract of each sand fly were recorded. The approximate numbers of promastigotes and their distribution in different parts of the gut were estimated based on observations using the 40ϫ objective of a microscope. The intensity of infection was classified as "low" when few promastigotes were seen in the sand fly midgut and they had little or no motility. It was classified as "medium" when many motile promastigotes where seen in the fore-and midgut and as "high" when large numbers of promastigotes were seen throughout the gut and rosettes of parasites were visible (15) .
Statistical analysis. Comparisons of tissue parasitic loads between two groups were performed with the Mann-Whitney test or Student's t test, while those between three groups were carried out using analysis of variance or KruskalWallis tests, followed by TukeyЈs or Dunn's multiple comparison test. Fisher's exact, chi-square, and Kruskal-Wallis tests were used to compare the clinical states of animals between the different groups. The analysis of correlations between variables (i.e., between clinical condition, parasite load, and infectivity of dogs to sand flies) was performed by the method of Spearman. The chi-square test was used to compare the efficiencies of infected sand flies between different groups. All statistical analyses were performed using Prism 3.0 and Minitab 14 software (95% significance level).
RESULTS
Impact of treatment with liposomal meglumine antimoniate on clinical parameters. Treatment of mongrel dogs naturally infected with Leishmania chagasi was performed with either liposomal meglumine antimoniate (group I, n ϭ 12, 4 doses of 6.5 mg Sb/kg, with an interval of 4 days between each dose), antimony-free liposomes (group II, n ϭ 12, liposomes given at the same lipid dose as for group I), or saline (group III, n ϭ 12). In the present study, after inclusion of animals according to laboratory, serological, and parasitological criteria, animals were classified according the clinical exams as asymptomatic, oligosymptomatic, or symptomatic, as described previously (26) . Since the clinical condition of the dogs is expected to influence the response to treatment (6, 26) , the different groups were designed to have initially the same proportion of dogs in each category (four animals of each category), as shown in Fig. 1 .
Before treatment, the main clinical signs were lymphadenopathy, alopecia, dull fur, exfoliative dermatitis, and skin ulcers, in decreasing order of occurrence. In all animals exhibiting clinical signs of the disease, the lymph nodes showed also size increase, with a higher frequency for cervical ones, followed by the popliteal and submandibular nodes.
As illustrated in Fig. 1 , during the experiment, nine animals were subjected to euthanasia either because of the disease evolution (eight dogs) or because of lesions resulting from fights (one dog).
As shown in Fig. 1 , the initial condition of animals was found to be altered 30 days after treatment in all three groups. The disease showed an absence of evolution or an evolution toward higher intensity in the animals of groups II and III. On the other hand, animals from group I showed a variable response. Among initially symptomatic animals in group I, three showed a considerable remission of the clinical signs after 30 days, which permitted their reclassification as oligosymptomatic. Among initially oligosymptomatic animals in group I, one showed a positive response to treatment and did not show clinical signs of the disease in any subsequent evaluations and two dogs showed a negative evolution of the disease (one subsequently subjected to euthanasia and the other reclassified as symptomatic). Among initially asymptomatic animals in group I, one remained asymptomatic 30 days after treatment, two changed to oligosymptomatic, and one changed to symptomatic. The positive impact of the treatment with liposomal Sb was also revealed, after 30 days, by the lower mean value of the clinical state of group I, compared to those of groups II and III (Fig. 1) . Although the mean values of dog clinical state did not differ significantly between animal groups, group I showed a significantly higher number of animals with clinical state lower than 3, compared to group II (P Ͻ 0.05, Fisher's exact test). Ninety days after treatment, the clinical status was maintained in groups II and III, whereas the animals of group I showed a worsening of the clinical status. At the end of the experiment, all groups were found to be equivalent with respect to their clinical status.
Toxicity evaluations. The group that received multiple doses of liposomal meglumine antimoniate was compared to those that received antimony-free liposomes and saline. Side effects in each animal were monitored clinically during the initial hour after each of the four doses given at 4-day intervals (total of 48 recordings per group). Although in the control group (saline) no adverse effect was observed, undesired effects were observed in 90% and 77% of recordings in the groups receiving liposomal meglumine antimoniate and empty liposomes, respectively. These adverse reactions were observed only during the first 15 min after dosing with the liposomal formulations and varied from discrete tachycardia and/or tachypnea to clinical manifestation of tachycardia, tachypnea, sialorrhea, and mydriasis, followed by miosis, prostration, urination, muscle tremor, vomiting, and defecation.
Levels of serum markers of the hepatic (aspartate aminotransferase, alkaline phosphatase, alanine aminotransferase, total bilirubins) and renal functions (urea, creatinine) in all groups, as determined 4 days after treatment, showed no significant changes from levels measured before treatment. 
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In addition, evaluation of the hemogram parameters for treated groups showed no suppression of the hematopoietic function (data not shown).
In another experiment performed with 14 additional mongrel dogs with VL evaluated for short-time side effects of a single dose of liposomal meglumine antimoniate (4.2 mg Sb/kg by the i.v. route), the hemogram and the levels of the markers of hepatic and renal functions showed no significant changes 24, 48, 72, and 96 h after administration (data not shown).
Impact of treatment on tissue parasite burden. Figure 2 displays the mean number of amastigotes/1,000 host cell nuclei determined from aspirates of the sternal bone marrow of dogs in each group, 4 days after the end of treatment. In group I, the presence of the parasite was observed in only 1 animal out of 12 (8.3%). In groups II and III, parasites were encountered in 60% (n ϭ 10) and 66% (n ϭ 12) of animals, respectively. Statistical analysis indicated a significantly lower parasite burden in group I than in groups II and III (P Ͻ 0.05, Kruskal-Wallis). Figure 3 shows the results obtained from immunocytochemical evaluations for Leishmania burden in the skin, cervical lymph nodes, bone marrow, liver, and spleen, carried out 150 days after treatment. Statistical analyses indicated significantly lower parasite burdens in the lymph nodes, livers, and spleens of group I than in those of groups II and III (P Ͻ 0.05, Kruskal-Wallis). Strikingly, no parasite was detected in the livers and lymph nodes in animals of group I, whereas at least 60% of animals of groups I and III were found to be positive for Leishmania amastigotes in the same tissues (with at least one parasite in 20 microscopic fields). According to these data, more than a 95.7% reduction of the parasite burden was achieved in the liver, spleen, and cervical lymph nodes following treatment with liposome-encapsulated drug, compared to treatment with either saline or empty liposomes. It is also noteworthy that only group I animals (two out of nine) were parasitologically negative in all analyzed tissues. One of these animals was oligosymptomatic and the other one symptomatic.
As shown in Fig. 3 , the spleens of dogs were evaluated both immunocytochemically and by Giemsa staining. In both cases, a significant reduction of spleen parasite burden was observed in group I, compared to groups II and III (P Ͻ 0.05, KruskalWallis). The dog from group I that was positive according to both assays was found to be oligosymptomatic.
Importantly, none of the treated animals showed complete elimination of Leishmania parasites, as evidenced by in vitro culture of bone marrow aspirates 150 days after treatment (data not shown).
Impact of treatment on the infectivity of dogs to sand flies. Table 1 shows the intensity and percentage of infection of Lutzomyia longipalpis females fed on the dogs of the different groups, 150 days after treatment. At the end of the experiment, it was possible to visualize the promastigotes in the digestive tracts of the fed phlebotomines in 10 out of 29 animals (34.5%) subjected to the xenodiagnosis. Among the 10 dogs that were infective, 1 belonged to group I (n ϭ 9, 11%), 5 to group II (n ϭ 11, 45%), and 4 to group III (n ϭ 9; 44%). The infection efficiencies of phlebotomines, given by the ratio of infected phlebotomines to fed phlebotomines, were 0.65%, 14.3%, and 21.5%, for groups I, II, and III, respectively. Strikingly, the infection efficiency of phlebotomines fed on group I dogs was found to be significantly lower than those for the other groups (P Ͻ 0.01, 2 test).
DISCUSSION
The present study reports the toxicity and antileishmanial efficacy of a novel liposomal formulation of meglumine antimoniate in mongrel dogs naturally infected with Leishmania (Leishmania) chagasi. This represents a continuation of our previous work which led to the design and the pharmacokinetic characterization of a novel liposomal formulation (20, 37, 38 (38) . The dosage and interval between the doses used in the present study were chosen from pharmacokinetic data determined previously for dogs with VL (38) , indicating that high levels of Sb were maintained in the liver and spleen from 24 to 96 h following a single i.v. administration of the liposomal formulation (at 4.2 mg Sb/kg).
Based on hematological parameters and serum biochemical markers, no significant alteration of the hematopoietic, renal, and hepatic functions of dogs could be detected, either within the 96 h following a single dose of the liposome formulation or after the administration of the four consecutive doses. On the other hand, transitory acute side effects, including prostration, defecation, tachypnea, and sialorrhea, were observed during the 15 min following every administration of the liposomal formulation. Since similar side effects were also observed after the administration of empty liposomes, those could be attributed to a reaction to the vesicles but not the metal. Indeed, lipid vesicle-induced acute adverse reactions have been reported previously and were attributed to the activation of the complement system (40) . Those were named complement-mediated pseudoallergic reactions. The cardiopulmonary alterations usually initiated just after the infusion of liposomes most probably arise from the action of complement products, presumably the anaphylatoxins C 3a and C 5a , which cause an increase of the pulmonary arterial pressure and a reduction of the cardiac debit (40, 41) , as well as an increase of pulmonary and peripheral vascular resistance.
According to the present work, treatment of infected dogs with four doses of liposomal meglumine antimoniate led to a partial clinical recovery, which was not observed in the dogs treated with saline or empty liposomes. A significant reduction of bone marrow parasite burden was observed 4 days after the end of treatment. Importantly, 5 months after the treatment, significantly lower parasite loads were found in cervical lymph nodes, livers, and spleens of animals treated with the liposomal drug formulation, indicating a long-term reduction of the parasite load of these tissues. The immunocytochemical evaluation of the proportion of positive dogs 5 months after treat- The data show the percentages of infection to Lutzomyia longipalpis 5 days after feeding on dogs and the intensity of the infection by the dog, according to the number, the activity, and the localization of the promastigote forms in the digestive tract of the phlebotomines. Ϫ, no infection detected; ϩ, low infection intensity (few promastigotes were seen in the sand fly midgut with little or no motility); ϩϩ, medium infection intensity (many motile promastigotes where seen in the fore-and midgut); ϩϩϩ, high infection intensity (large numbers of promastigotes were seen throughout the gut and rosettes of parasites were visible). Group 1 treatment was liposomal meglumine antimoniate, given as four doses at 4-day intervals at 6.5 mg Sb/kg; group II treatment was empty liposomes, given as four doses at 4-day intervals; group III treatment was isotonic saline at 4-day intervals.
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on October 14, 2017 by guest http://aac.asm.org/ Downloaded from ment showed significant differences between group I and the other groups, when considering the lymph nodes, livers, and spleens, but not the bone marrow and skin. The apparently lower efficacy of liposomal meglumine antimoniate for parasite suppression in the bone marrow and skin may be explained by the fact that these tissues are less accessible to the liposomes. Our previous observation that Sb levels in the bone marrow of dogs with VL were about 10-fold lower than those in the liver and spleen (38) following administration of the same liposomal formulation in dogs naturally infected with Leishmania chagasi is consistent with this interpretation. Another interesting observation of our previous pharmacokinetic study was that equivalent Sb levels were found in the livers and spleens of infected dogs (38) during the 4 days following administration of the liposome formulation. On the other hand, significantly different levels of parasite suppression were achieved in the liver and spleen 150 days after treatment (100% and 95.7%, respectively; P Ͻ 0.05, Kruskal-Wallis test). These data taken altogether suggest a lack of correlation between tissue parasitic load and Sb concentration. This observation is not surprising, since a previous study with a mouse model of Leishmania donovani infection has indicated that sodium stibogluconate, either free or encapsulated in liposomes, was effective in reducing parasite burden in the liver but not in the spleen (11) , indicating that the drug antileishmanial activity is organ dependent. Different intraorgan drug distributions and/or levels of activation of tissue Leishmania-infected macrophages may account for this effect. In the case of liposomal drug formulations, another factor that may contribute to the poor correlation between parasite load and tissue drug concentration is the fact that a large proportion of the drug in the organ may still be encapsulated in liposomes and, therefore, may not be bioavailable.
To our knowledge, parasitological evaluations of dogs with VL subjected to treatment with liposome-encapsulated antimonial drug have been reported in only two previous studies (12, 14, 37) . In the first study (12) , liposome-encapsulated meglumine antimoniate was administered to mongrel dogs experimentally infected with L. donovani (12 days after infection) at doses varying from 0.01 to 0.61 mg Sb/kg/day for 1, 4, and 10 days. The spleen was evaluated parasitologically 4 days after the end of treatment. It was verified that the formulation, when administered at low dose, provided little reduction in the number of parasites in spleen, either during 1 day (31.8% suppression) or 10 days (64.7% suppression) of treatment. On the other hand, the highest dose investigated during 4 days of treatment showed a high (97.4%) parasitic suppression. Although the protocol used in the present study seems, at first sight, no more effective than that used by these investigators, the use of naturally infected dogs and the parasitological evaluation 5 months after treatment make our data much more relevant to the clinical setting. In a previous study performed by our group (14, 37) , meglumine antimoniate encapsulated in larger liposomes (mean diameter of 1,200 nm) has been evaluated for its efficacy in naturally infected mongrel dogs using a similar protocol (four doses of 6.5 mg Sb/kg given with 4-day intervals). Determination of the parasite load in the bone marrow aspirates of dogs 30 days after the end of treatment showed a significantly lower number of positive dogs (with at least one amastigote per 1,000 host cells) in the group treated with liposomal drug, compared to the control groups (treated with saline and empty liposomes) (37) . On the other hand, the immunocytochemical evaluations of the spleen, 4 months after the end of treatment, and of the skin of the ear at various times (0, 30, 60, 90, and 120 days after the treatment) showed no significant difference between the groups (14) . It is also noteworthy that this previous study also included, as a control, a group of animals receiving the free drug at the same dosage as the encapsulated one. As expected from the very low cumulative dose of Sb, the long time interval between each dose (compared to conventional antimony therapy), and the low Sb accumulation in the infection sites (38) , no side effect was registered and no difference between the group treated with the free drug and that treated with saline was observed, from both the clinical and parasitological points of view. These data taken altogether indicate that the liposome formulation used in the present study, which consists of vesicles in the nanometer range, promoted a significant long-term parasite suppression, in contrast to the drug encapsulated in larger vesicles and to the free drug.
As evidenced from the culture of bone marrow aspirates, Leishmania parasites were still detected in all treated dogs 5 months after the end of treatment. Considering how rare it is to verify complete elimination of parasites by chemotherapy (31) , it was important to evaluate the epidemiological risk of these animals by means of xenodiagnosis (2) . Strikingly, the liposome formulation of meglumine antimoniate was found to reduce significantly the infectivity of dogs to Lutzomyia longipalpis 5 months after the end of the treatment. These data indicate that, although the reduction of parasite load in the skin promoted by the liposomal drug was not statistically significant, it was sufficient to reduce significantly the infectivity of the dogs to sand flies.
It is noteworthy that the clinical condition of the animals did not correlate either with the parasite load of tissues or with the infectivity of dogs to sand flies (P Ͼ 0.05, Spearman). These observations are in accordance with previous ones from other authors (22, 28, 39, 42) , demonstrating the epidemiological importance of the diversity of clinical status in the transmission of the parasite.
Conventional treatments of dogs with VL using free pentavalent antimonial drugs showed high antileishmanial efficacy, promoting both suppression of tissue parasites (32) and reduction of infectivity of animals to sand flies (2, 21) . Nevertheless, complete parasite elimination was rarely observed (31) . It is noteworthy that the cumulative dose of antimony used in conventional antimonial treatment of infected dogs usually exceeds 500 mg of Sb/kg/treatment. This dose is at least 20-fold higher than that used in the present study. Indeed, the use of a much lower dose of antimony together with a reduced frequency of administration represents a major advantage of the liposome formulation, resulting ultimately in less-pronounced metal-induced side effects. Whether complete parasite elimination can be achieved by using a liposomal drug formulation remains an open question. In addition to the drug targeting to infection sites, liposomes may exert an additional synergistic effect related to their immunoadjuvant properties, for instance, by facilitating Leishmania antigen presentation to immunocompetent cells (8, 10) . To improve the efficacy of treatment with our liposome formulation, increasing each dose of Sb is probably not appropriate, since this will result in a lipid dose higher than 25 mg of lipid/kg of body weight (used in our study), which may increase the saturation of the liver and impair its physiological function. Indeed, the saturation of the liver by liposomes in mice and rats from lipid doses ranging from 3 to 10 mg of lipid/kg of body weight was described previously (23) . Therefore, increasing the number of doses, and thus the duration of the treatment, should be a more effective strategy.
